Hermit crabs (Pagurus spp.) at their northernmost range: distribution, abundance and shell use in the European Arctic by Balazy, Piotr et al.
RESEARCH/REVIEW ARTICLE
Hermit crabs (Pagurus spp.) at their northernmost range:
distribution, abundance and shell use in the European Arctic
Piotr Balazy,1 Piotr Kuklinski,1,2 Maria Włodarska-Kowalczuk,1 David Barnes,3 Monika Ke˛dra,1
Joanna Legez˙yn´ska1 & Jan Marcin We˛sławski1
1 Marine Ecology Department, Institute of Oceanology, Polish Academy of Sciences, Powstancow Warszawy 55, PL-81-712 Sopot, Poland
2 Department of Life Sciences, Natural History Museum, Cromwell Road, London SW7 5BD, UK
3 British Antarctic Survey, Madingley Road, High Cross, Cambridge CB3 OET, UK
Keywords
Hermit crabs; Svalbard; Arctic; fjords.
Correspondence
Piotr Balazy, Marine Ecology Department,
Institute of Oceanology, Polish Academy of
Sciences, Powstancow Warszawy 55, PL-81-
712 Sopot, Poland. E-mail: balazy@iopan.pl
Abstract
Hermit crabs are important components of Arctic benthic systems, yet baseline
data on their densities and distribution patterns in this rapidly changing region
are still scarce. Here we compile results of numerous research expeditions
to Svalbard, the Barents Sea and northern Norway that were carried out from
1979 to 2011 by the Institute of Oceanology, Polish Academy of Sciences. The
diversity of hermit crabs at the northern edge of their occurrence is very low; in
Svalbard waters only one species (Pagurus pubescens) was detected. Another
species (P. bernhardus), found in northern mainland Norway, north of the Arctic
Circle, is likely to extend its distribution northward as the climate warms. Where
the two species co-occur, competition between them probably accounts for the
smaller sizes and poorer quality shells used by P. pubescens. The composition
of the mollusc shells inhabited by these crabs differs between northern Norway
and Svalbard, reflecting local mollusc species pools. Hermit crab densities
were significantly higher than previously reported (max. mean 10 ind. m2),
suggesting their increasing level of dominance in benthic communities in the
studied areas. The first to report the distribution of hermit crabs among habitats,
this study showed that most individuals occurred at shallow depths (5150 m),
away from glacier termini and on hard bedrock rather than on soft substrata.
Hermit crabs (Paguroidea, Decapoda) are common and
abundant in almost all types of benthic habitats world-
wide (Lancaster 1988). They are opportunistic feeders,
scavengers or predators (Hazlett 1981) and are consumed
by demersal fish, seabirds, brachyuran crabs, octopus and
starfish (Lancaster 1988 and references therein). The wide
distribution of hermit crabs is facilitated by their pelagic
larvae: typically four free-swimming zoeal stages and one
megalopal stage, which, after metamorphosis, turns into
a young crab (Lancaster 1988). Due to a high fecundity
*1200 eggs for a female Pagurus bernhardus*hermit
crab larvae can be numerous in plankton communities
(Jackson 1913; Thorson 1946; Bookhout 1964; Weydmann
et al. 2013). In favourable laboratory conditions (108C
and salinity of 3035), full development can be com-
pleted within 5264 days (P. bernhardus, Bookhout 1964),
but lower temperature and salinity along with reduced
food availability or shortage of suitable habitat and re-
sources (empty gastropod shells) may significantly pro-
long, or prevent, larval development (Bookhout 1964;
Roberts 1971; Warner 1977; Dawirs 1979, 1981; Harms
1992; Harvey 1996). Through the use of gastropod shells
pagurids provide transportation and secondary habitat
for epibionts (Williams & McDermott 2004), typically
harbouring higher numbers of associated species than
other substrates, such as similar sized live gastropods or
pebbles (Balazy & Kuklinski 2013). Therefore, they are
a good example of ecosystem engineers (Stachowitsch
1977; McLean 1983; Jones et al. 1994, 1997; Reiss et al.
2003; Bell 2005; Balazy & Kuklinski 2013) and interesting
model organisms for testing hypotheses on resource use
and biodiversity patterns (Williams & McDermott 2004).
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Previous research on hermit crabs has been mostly
carried out in tropical and temperate seas (Abrams 1980;
Barnes 1997, 1999; Barnes & De Grave 2000; Sandford
2003; Fransozo et al. 2007; Zuschin & Pille 2007; Ayres-
Peres & Mantelatto 2008; Bach & Hazlett 2009; Tricarico
et al. 2009). Studies from higher latitudes are still scarce,
partly because of logistic constraints (but see Samuelsen
1970; Squires et al. 1993; Barnes et al. 2007; Kuklinski
et al. 2008; Balazy & Kuklinski 2013; Peura et al. 2013). In
Norwegian waters, pagurid fauna is represented by several
species, including Anapagurus chiroacanthus, A. laevis, Pagurus
alatus, P. bernhardus, P. cuanensis, P. prideaux and P. pubescens
(Sandberg & McLaughlin 1998; Brattegard & Holthe 2001).
The species richness of hermit crabs significantly declines
northwards (Abele 1974), and is limited to three taxa (P.
pubescens, P. bernhardus and A. chiroacanthus) in northern
Norway (Sandberg & McLaughlin 1998; Barnes et al.
2007) and only two taxa in Svalbard waters. Pagurus
pubescens, which has the most northward range among
the North Atlantic hermit crabs, commonly occurs around
the Svalbard Archipelago (Sandberg & McLaughlin 1998;
Selbie 1921). The second species reported from this area,
but rarely found, is P. bernhardus (Sandberg & McLaughlin
1998; Gulliksen et al. 1999; Gulliksen & Svensen 2004).
This poleward impoverishment of hermit crab species is
most likely the result of lowered temperatures (Lindley
1998) and is matched by an even more severe poleward
decline in the Southern Hemisphere.
The ongoing environmental change (temperature in-
crease, ice loss, acidification) and increase of anthropo-
genic pressure (oil drilling and fisheries) may lead to
substantial ecological changes within Arctic benthic com-
munities (Core Writing Team et al. 2007; Dawson et al.
2011; Wassmann et al. 2011; We˛sławski et al. 2011;
Duarte et al. 2012; Wang & Overland 2012). Climate-
forced northward expansions have been observed for
boreal species (Berge et al. 2005) and predicted for cold-
water Arctic species (We˛sławski et al. 2010; We˛sławski
et al. 2011). In Svalbard, hermit crabs of the genus Pagurus
occur at their northernmost limit (Birula 1907; Heegaard
1941) and may therefore act as good indicators of physical
changes. Increased levels of oceanographic variability
(Walczowski & Piechura 2006; Walczowski et al. 2012)
and fishery-related disturbance (Berge et al. 2009) will
likely have a positive effect on their distribution range,
species richness and abundance. Berge et al. (2009) have
recently proved that the composition of decapod fauna
in Spitsbergen waters has not changed during the last
50 years. On the other hand, they have found evidence
for changes in the decapod community structure, with
opportunistic scavenging crabs becoming increasingly
dominant and specialized predatory shrimps correspond-
ingly decreasing.
Knowledge of pagurid distribution, density and gastro-
pod shell use remains scattered and incomplete in the
Arctic. To the best of our knowledge the only study
available from Svalbard waters is by Barnes et al. (2007);
however, the scale of this was limited and it did not
cover substratum choice. Here we compile data gathe-
red during numerous research expeditions carried out
by the Institute of Oceanology of the Polish Academy
of Sciences (IO PAN) during the last four decades to
Svalbard, the Barents Sea and northern Norway. Samples
were taken across a range of depths (33000 m) and habi-
tats in an attempt to establish robust baseline informa-
tion as a reference or starting point for further ecological
assessments.
Material and methods
Study area
This study was carried out in northern Norway (698N) and
two High-Arctic areas: the Barents Sea’s shallow bank
(Svalbard Bank) and the western coast of Spitsbergen,
the biggest island of the Svalbard Archipelago (Fig. 1). The
hydrology of these areas is shaped by the interplay of the
two large water masses of Atlantic and Arctic Ocean
origin. Three sites selected around Tromsø in northern
Norway (Kvalsund, Mjøsund, Grøtfjord) as well as the
western side of Spitsbergen are influenced by the rela-
tively warm and saline (T38C, S35; Loeng 1991)
waters of the North Atlantic and the West Spitsbergen
Current. Despite their high latitude (76808N) the west
Spitsbergen fjords have a mild, rather than Arctic char-
acter (Hop et al. 2002; Svendsen et al. 2002). They remain
ice-free most of the year; during winter the surface water
freezes for a few months (We˛sławski et al. 1988). The
southernmost fjord of the island, Hornsund, is strongly
affected by slightly less saline and colder (TB08C, S
34.334.8; Loeng 1991) waters originating in the Arctic
Ocean and transported by the East Spitsbergen Current
(Swerpel 1985). A front between North Atlantic and
Arctic water masses passes both sides of the Svalbard
Bank, an elongated shallow bank that rises from the
bottom of the Barents Sea up to 30 m under the surface.
This largest open-shelf cold-water carbonate platform in
the Arctic, built from shell fragments mixed with very
coarse sand and gravel (Elverhøi & Solheim 1983; Henrich
et al. 1997) is one of the most productive areas in the
Barents Sea (Sakshaug et al. 2009). In its central part,
Arctic water mixes with the meltwater which has been
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Fig. 1 Distribution and abundance of hermit crabs Pagurus spp. in the studied areas. Data on pelagic zoea larvae are from We˛sławski et al. (1991),
We˛sławski, Koszteyn et al. (1999), We˛sławski, Stempniewicz et al. (1999), Kwasniewski et al. (2010), Jakubas et al. (2011), Kwasniewski et al. (2012),
Weydman et al. (2013) and Gluchowska et al. (unpubl. ms.).
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heated by the atmosphere during the summer (T 138C,
SB34.4; Loeng 1991). Freshwater runoff from melting
glaciers or glacier-fed rivers has a significant impact on
the hydrological conditions prevailing inside the fjords.
Apart from decreased salinity and iceberg scouring, large
amounts of sedimenting mineral particles can result in
declines in benthic species richness, diversity and abun-
dance, especially in the innermost parts of the fjords, close
to tidal glaciers (Włodarska-Kowalczuk et al. 2005). The
sediment accumulation rates in Kongsfjorden, the fjord
with the most active glacier in the Svalbard Archipelago*
Kongsbreen (Lefauconnier et al. 1994), range from 20000
g m2 year1 near the glacier front to 200 g m2 year1
at the fjord mouth (Svendsen et al. 2002). As a result, the
fjords seafloor is mainly covered by soft homogeneous
mud with ice-rafted clasts (Elverhøi et al. 1983). Hard
substrata habitats*rocky shelves and mixed boulder
fields with coarser fractions such as pebbles, cobbles and
boulders*mostly occur at the outer parts of the fjords,
where stronger bottom currents occur (Kaczmarek et al.
2005). Soft bottom macrobenthic assemblages are domi-
nated mostly by infaunal, deposit feeding or carnivorous
bivalve and polychaete species (Włodarska-Kowalczuk
et al. 1998; Włodarska-Kowalczuk et al. 2007). In the
shallow subtidal zone of outer fjord basins, dense algae
(Laminaria spp.) and associated diverse epibenthic assem-
blages of ascidians, barnacles, bryozoans, cnidarians,
sedentary polychaetes and sponges occur on hard bedrock
shelves (Barnes & Kuklinski 2005; Barnes et al. 2007).
Hermit crabs (Pagurus spp.), other decapods, such as
the spider crab Hyas araneus or shrimps (Lebbeus polaris,
Eualus gaimardii, Sclerocrangon boreas) are common ben-
thic predatory and scavenging fauna in these habitats
(Kaczmarek et al. 2005; Berge et al. 2009).
Sampling
Material was collected during cruises of the RV Oceania
and land-based expeditions to the Svalbard Archipelago
organized by IO PAN in the summer seasons between
1979 and 2011. Material was collected at the Svalbard
Bank by the RV Oceania in 2009. Samples in northern
Norway, were collected during land-based expeditions in
2009 and 2010. In total, 240 stations were sampled from
the major fjords of west Spitsbergen, at Svalbard Bank and
at three sites in northern Norway, across a depth range
of 22977 m. Most of the sampling sites were localized in
two west Spitsbergen fjords*Hornsund and Kongsfjorden
(Fig. 1)*both European Marine Biodiversity Research
Sites (Warwick et al. 2003).
Samples were collected using different sampling meth-
ods that were considered most appropriate across depth
zones and habitats (Table 1). Quantitative samples from
Table 1 Details of sampling campaigns. Abundance values are mean (9standard error) and, in italics, maximum abundance.
Year Site Depths (m)
Sampling
technique
Number of
stations
Number of
samples
Abundance
(ind. m2) Reference
2009 Smeerenburgfjorden 7177 SCUBA diving
dredge
4 4 Only
qualitative
This paper
2007
2009
Magdalenefjorden 12103 SCUBA diving
dredge
Van Veen grab
7 17 10 (90.00) 10 This paper
19962001
2006
2009
Kongsfjorden 42977 SCUBA diving
dredge
Van Veen grab
102 239 6 (90.45) 20 Włodarska-Kowalczuk
et al. 2004
Kaczmarek et al. 2005
Ke˛dra et al. 2010
20092011 Isfjorden 3289 SCUBA diving
dredge
Van Veen grab
35 119 7 (90.11) 44 Balazy & Kuklinski 2013
This paper
20002001 Van Mijenfjorden 4104 Van Veen grab
Petit Ponar
grab
8 24 Absent This paper
19791982
20022003
2005
2007
2009
Hornsund 11237 SCUBA diving
dredge
Van Veen grab
Benthic lander
84 138 5 (90.31) 10 This paper
2009 Svalbard Bank 39150 Dredge
Van Veen grab
Benthic lander
17 70 4 (90.24) 30 Ke˛dra et al. 2013
20092011 Northern Norway 320 SCUBA diving 3 15 7 (90.30) 28 This paper
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the deeper subtidal (30 m) were collected using a 0.1 m2
van Veen grab or 0.045 m2 Petit Ponar grab. Presence/
absence data were scored from dredge sampling as well as
videos recorded by a benthic lander and an underwater
‘‘bottom-looking’’ drop camera. In shallow (B20 m) areas
unsuitable for sampling directly from research vessels, and
on bottom types where conventional surface-operated
sampling gear has a limited efficiency (e.g., hard bedrock),
samples were collected by SCUBA divers. In this case,
hermit crab density estimates were obtained with the
use of a (0.50.5 m) 0.25 m2 quadrat. We counted all
individuals within each of three quadrats placed hapha-
zardly on the sea bottom at 3, 5, 10, 15 and 20 m depths.
At each site, the bottom type was classified by visual
inspection by divers as hard bedrock (sites S1, S2, S5),
mixed substrata (sand and gravel; sites S6, T1, T3) or soft
bottom (sand and mud; sites S3, S4). The samples were
fixed in 4% buffered formaldehyde and transported to the
laboratory.
Hermit crab species, gender, shield length, wet mass,
presence of parasites and overgrowing epibionts (larger
1 mm) were noted. Crabs were classified into five size
classes on the basis of shield length (class 1: 03.5 mm;
class 2: 3.55.0; class 3: 5.06.5; class 4: 6.58.0; class 5:
above 8.0). Gastropod shells were identified to species or,
when damaged, to the lowest possible taxonomic level.
Statistical analysis
Due to significant heterogeneity of variances, a non-
parametric KruskalWallis test was used to test for dif-
ferences in hermit crab abundance with depth and size.
Post-hoc pair-wise testing was performed with the use of
Mann-Whitney’s U-test. The Hurlbert rarefaction diver-
sity index (ES[n]) (Hurlbert 1971) was used in order to
compare diversity of gastropod shells used by hermit crabs
between the sites with different numbers of individuals
collected. Accumulation curves of the different gastropod
shell types used were plotted for samples collected at each
site. Species accumulation curves, ES[n] were computed
and plotted with the PRIMER version 6 software package
(Clarke & Gorley 2001). The statistical analyses were
performed in STATISTICA version 10 (StatSoft Inc.).
Results
Distribution and abundance
Hermit crabs were present in all study areas except for
Van Mijenfjorden, a relatively poorly sampled fjord in
Spitsbergen (Fig. 1). The most northerly site with hermit
crabs present was Smeerenburgfjorden (79.88N). Hermit
crabs were most abundant in Isfjorden, where abundance
reached 44 ind. m2 in a single sample (Table 1, Fig. 1). Up
to 30 ind. m2 were found at Svalbard Bank, while in
northern Norway maximum abundance was 28 ind. m2.
Mean abundances calculated from all samples collected at
a given site never exceeded 10 ind. m2 (Table 1).
Very few crabs were found in the innermost part of the
study fjords and none close to glaciers. Hermit crabs in
Spitsbergen fjords were found only between 5 m and 150
m depth despite samples being collected at greater depths
(Fig. 2). At Svalbard Bank, they similarly occurred down
to 140 m.
In the shallow sublittoral (320 m), diver-held quadrats
revealed significant differences in abundance of hermit
crabs among different depth zones (Kruskal-Wallis,
H(4, 114)20.78, pB0.001; Fig. 3): shallow (3 and 5 m)
versus deeper (10, 15 and 20 m) (Mann-Whitney U,
pB0.05). The mean abundance was significantly higher at
910.7 ind.m2 at 1020 m compared to 1.72.7 ind.m2
at 35 m. This ‘‘overall’’ abundancedepth pattern was
driven by significant depth differences at bedrock sites
(KruskalWallis, H(4, 45)28.03, pB0.001; Mann-Whitney
U, pB0.01; Fig. 3). However, on mixed and soft bottom
sites we found no differences with depth (Kruskal
Wallis, p0.05). The differences between the three
bottom types were found at each study depth (Kruskal
Wallis,pB0.05; Fig. 3)except10m(KruskalWallis, H(2, 24)
5.83 p0.05). At 15 and 20 m, hermit crabs were
more abundant at sites with hard (mean 16.4 and 16.7
ind. m2, respectively) than soft substrata (mean 2.0 and
1.3 ind. m2; Mann-Whitney U, pB0.05). Samples from
mixed substrata in this depth range did not differ sig-
nificantly from the other two bottom types (mean 10.0 and
9.3 ind. m2; Mann-Whitney U, p0.05). No hermit
crabs were found at the shallowest depths at sites with soft
(3 m) and hard bedrock (3 and 5 m). Mean hermit crab
abundance (7.1 at 3 m and 0.7 ind. m2 at 5 m) on mixed
substrata differed significantly from those at 3 and 5 m on
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Fig. 2 Hermit crab occurrence and abundance in relation to depth and
distance to glaciers.
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bedrock (Mann-Whitney U, pB0.05) and 3 m on soft
substrata (Mann-Whitney U, pB0.05).
Species, size, gender and parasitism
Pagurus pubescens was the only species found at Svalbard
Bank and in Spitsbergen fjords, whilst in northern Nor-
way P. bernhardus was also noted and comprised 34% of
all individuals collected. Each species in northern Norway
had different size ranges, as measured in shield lengths:
P. pubescens 2.087.80 mm; P. bernhardus 1.4010.46 mm.
Specimens of P. bernhardus (mean 6.7 mm) were signifi-
cantly larger than P. pubescens (mean 4.7, Mann-Whitney
U, pB0.001). Males of both hermit crab species were
significantly larger in shield length than females (Mann-
Whitney U, pB0.05). Gender ratios were close to equal.
Across the study areas 17% of P. pubescens were
parasitized by Peltogaster paguri but just 6% of both species
were overgrown by epibionts (juvenile serpulids, spiror-
bid Circeis armoricana, cirriped Semibalanus balanoides,
bryozoan Patinella sp. and hydroids). Significant differ-
ences in the size of hermit crabs were found between sites
(shield length: Kruskal-Wallis, H(9, 391)65.79, pB0.001;
wet mass: KruskalWallis, H(9, 391)78.23, pB0.001;
Fig. 4). In terms of shield length and wet mass, the largest
specimens were P. bernhardus collected at site T3 in
northern Norway (mean shield length 8.2 mm and wet
mass of 4.0 g). Specimens collected at this site were nearly
two times longer and over four times heavier than those
from (nearby) site T2, northern Norway. The largest
P. pubescens were found at the S2 site in Isfjorden (mean
shield length 6.9 mm and wet mass of 2.6 g).
KW-H(4, 45) = 28.03
p<0.001
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Fig. 3 Mean values with standard errors of hermit crab (Pagurus spp.) abundance at different depths and bottom types. Only samples collected in
shallow subtidal (depths down to the 20 m) are presented.
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Shell use
Hermit crabs inhabited shells belonging to 23 taxa
(Table 2). Species accumulation curves showed that the
highest richness of gastropod shells (11 taxa) were used by
P. pubescens at Svalbard Bank site B2 and Smeerenburg-
fjorden, Spitsbergen (Fig. 5). Pagurus bernhardus was
found in the fewest types of shells (in northern Norway,
three at T1 and T2; four at T3). However, this species was
also less numerous in samples taken (Table 2, Fig. 5).
Interpolation of gastropod richness to the same level of
15 samples among all sites (as only 15 individuals of
P. bernhardus were collected at T1) suggested that P.
bernhardus inhabited fewer gastropod shell types than P.
pubescens. (In northern Norway, at site T1 there were three
types for P. bernhardus and five for P. pubescens; at site T2,
three for P. bernhardus and seven for P. pubescens. At site
T3, both P. bernhardus and P. pubescens had four.) However,
an ES[15] analysis and species accumulation plot did
not reveal any clear differences in the use of gastropod
shells by P. pubescens with latitude. (In northern Norway,
at site T1 there were five, at T2 seven and at T3 four;
at the Svalbard Bank, at site B1 there were four and at
B2 seven; in Spitsbergen, at site S1 there were seven,
at S2 four, at S3 six, at Kongsfjorden five and at
Smeerenburgfjorden six.)
Shells of Buccinum undatum were used at all study
sites and by both hermit crab species. Shells belonging
to other members of the Buccinidae family (B. glaciale,
B. scalariforme and Colus kroeyeri) were also common in
collected material (Table 2). In northern Norway, 42%
of all shells used by P. bernhardus belonged to the
common periwinkle Littorina littorea and 38% came from
the large whelk B. undatum. The other hermit crab species,
P. pubescens, used mostly Nucella lapillus (34%), Littorina
littorea (17%) and L. obtusata (13%) in northern Norway.
In contrast, at Svalbard Bank and Spitsbergen, the most
inhabited shells were B. undatum (26%), B. glaciale (23%)
and Margarites groenlandicus (14%). In general, the major-
ity of small P. bernhardus used Gibbula cineraria shells.
Medium-sized individuals inhabited mainly L. littorea
shells, whilst the largest were found primarily in shells
of Buccinum spp. (B. undatum, B. scalariforme and B. polare;
Fig. 6). The species composition of shells used by P.
pubescens found in northern Norway was similar, (except
one additional gastropod species: Nucella lapillus), but the
proportion in which they were used differed across size
classes. The smallest P. pubescens individuals occupied
G. cineraria, L. obtusata and L. littorea shells. In medium
size classes, N. lapillus constituted a significant part, while
the largest grouping (class 4) was dominated by Littorina
spp. At Svalbard Bank and Spitsbergen, Buccinum spp.
predominated in almost all size classes. The smallest
P. pubescens in those two areas inhabited mainly shells of
M. groenlandicus and Cryptonatica affinis, which was more
plentiful at Svalbard Bank (Fig. 6).
In northern Norway, 31% of shells used by P. bernhardus
and 34% of shells used by P. pubescens were defective shells
with cracks and holes. Damaged shell use was higher in
Spitsbergen (41%) than at Svalbard Bank, where dam-
aged shells accounted for only 12%. No universal trend
in the use of broken shells was observed in the five hermit
crab size classes among the study areas (Fig. 7). In P.
bernhardus, the highest proportion of damaged shells were
used by small individuals, however, these data should
be treated with caution as the sample size was small. The
largest size classes of P. pubescens in northern Norway
and Svalbard Bank used unbroken shells, but again, the
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Fig. 4 Shield length and wet mass of hermit crabs (open squares,
Pagurus bernhardus; filled squares, P. pubescens) collected at sites
in northern Norway (T1, T2, T3), the Svalbard Bank (B1, B2) and
Spitsbergen (S1, S2, S3, S4, K, SMR). Mean values with standard errors
and results of a Kruskal-Wallis test for difference among sites are
presented.
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northern Norway data set had few samples. At Spitsber-
gen, the largest proportion of broken shells was recorded in
the medium (3) and large size classes (4, 5). Unsurprisingly,
there was a strong positive correlation between hermit
crab wet mass and mass of its shell (r20.787, t26.09,
pB0.001).
Discussion
Hermit crab diversity, distribution and abundance
Despite the fact that the current study attempted to
cover large geographic areas we found only two species
(P. bernhardus and P. pubescens) from just one genus in
Table 2 Shell use by Pagurus pubescens (Pp), P. bernhardus (Pb) at sites in northern Norway, at the Svalbard Bank and on Spitsbergen. Pp and Pb in
boldface denotes more than five individuals; normal type represents five or fewer individuals.
Northern Norwaya Svalbard Bankb Spitsbergenc
Shell species T1 T2 T3 B1 B2 S1 S2 S3 K SMR
Amauropsis islandica Pp
Boreotrophon truncatus Pp Pp Pp Pp
Buccinum glaciale Pp Pp Pp Pp Pp Pp Pp
Buccinum polare Pb Pp Pp Pp
Buccinum scalariforme Pp Pb Pp Pp Pp Pp
Buccinum undatum Pp Pb Pp Pb Pp Pb Pp Pp Pp Pp Pp Pp Pp
Buccinum sp. Pp Pp Pp Pp Pp
Colus kroeyeri Pp Pp Pp Pp
Colus latericeus Pp
Buccinidae Pp Pp Pp Pp
Cryptonatica affinis Pb Pp Pp Pp Pp Pp
Lunatia montagui Pp
Lunatia pallida Pp Pp Pp Pp Pp
Naticidae Pp Pp
Gibbula cineraria Pp Pp Pb Pp
Littorina littorea Pp Pb Pp Pb Pp Pb
Littorina obtusata Pp Pp
Margarites groenlandicus Pp Pp Pp Pp Pp Pp
Nucella lapillus Pp Pp Pp
Oenopota pyramidalis Pp Pp
Muricidae Pp
Neogastropoda Pp
Undetermined Pp Pp Pp Pp
aAt site T1, there were 15 P. bernhardus individuals and 19 P. pubescens; at T2, there were 19 P. bernhardus and 25 P. pubescens; at T3, there were 18 P. bernhardus and 32
P. pubescens. bAt the Svalbard Bank there were 50 individuals at each site. cAt each site in Spitsbergen (Isfjorden: S1, S2, S3; Kongsfjorden: K; Smeerenburgfjorden: SMR),
there were 50 individuals.
Fig. 5 Species accumulation curves of gastropod shells types used by hermit crabs.
Hermit crabs at their northernmost range P. Balazy et al.
8
(page number not for citation purpose)
Citation: Polar Research 2015, 34, 21412, http://dx.doi.org/10.3402/polar.v34.21412
Fig. 7 Percentage of broken shell used by five hermit crab size classes
in different areas. Above each column number of collected individuals is
presented.
Fig. 6 Percentage of shell used by five hermit crab size classes in different
areas. Above each column number of collected individuals is presented.
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northern Norway and only the latter species at Svalbard
Bank and in Spitsbergen. The Svalbard Archipelago is
known as the northernmost (and lower temperature)
limit of hermit crab occurrence (Birula 1907; Heegaard
1941) so a paucity of species is unsurprising. A previous
study by Barnes et al. (2007), performed across similar
sites, reported a single specimen of another hermit crab
species, Anapagurus chiroacanthus, in northern Norway (at
T2, Fig. 1). For Svalbard waters, the regional species check-
lists also report the presence of P. bernhardus (Sandberg
& McLaughlin 1998; Gulliksen et al. 1999; Gulliksen &
Svensen 2004; Palerud et al. 2004). However, it appears
to be very rare here as among 630 specimens collected
during a five-year study in Isfjorden, Spitsbergen (PB &
PK, unpubl. data), and among 347 hermit crab specimens
gathered in other fjords of Spitsbergen (Barnes et al. 2007),
no representative of P. bernhardus was found. Further-
more, it was not found in other studies that focused on
the decapod fauna in Svalbard waters (Christiansen &
Christiansen 1962; We˛sławski 1987; Duris 1995; Berge
et al. 2009). Therefore, we assume that the established
range of this species’ geographical range does not extend
this far north. Sokolov (2006) classifies P. bernhardus as a
warm Atlantic or AtlanticMediterranean species with
a range that follows the branches of the Norwegian
Current along the western coasts of Norway. Pagurus
pubescens is defined as a eurythermic and euryhaline
decapod that is widely distributed in eastern Arctic seas.
If the trend of significant regional warming continues in
the Arctic the range of P. bernhardus would seem likely
to extend northwards and be reported more commonly
in the Svalbard Archipelago. Such climate-forced range
expansions are arguably already being observed, e.g., the
recent reappearance of the mussel Mytlius edulis in west
Spitsbergen fjords (Berge et al. 2005).
The only fjord surveyed in this study where no hermit
crabs were found was Van Mijenfjorden. This is a semi-
closed fjord system with some anthropogenic impact as
there is an active coal mine located nearby. However,
significantly measurable effects of mining activities on
marine fauna have been described as restricted to places
where the ships are loaded (Renaud et al. 2007). It is
therefore most likely that the absence of hermit crabs in
our Van Mijenfjorden material results from low sampling
effort, as only eight stations were investigated.
No clear, large-scale trend in hermit crab abundance
was apparent along the geographical gradient we studied
(from northern Norway to Svalbard). Instead, abundance
turned out to be highly variable between sites, suggesting
that local factors are decisive. Interestingly, the abun-
dance figures in the current study found abundance were
higher than those reported by Barnes et al. (2007) at
the same sites in 2005 (7 versus 2 ind. m2 in northern
Norway, 7 versus 2 ind. m2 in Isfjord and 6 versus 0.8 in
Kongsfjorden, this study). Berge et al. (2009) speculated
that a shift from specialist predators towards opportunis-
tic, scavenging species, like hermit crabs, might have
occurred over the last 100 years in Isfjorden. Our results
support this hypothesis; however, due to paucity of
the time series, annual fluctuations driven by natural
factors such as variability in hydrological regimes and
seawater temperature cannot be ruled out (Renaud et al.
2008; Berge et al. 2009). Just after Barnes et al. (2007)
undertook their sampling, in 2005, a huge northward
advance of Atlantic waters and the highest recorded
temperatures of the Spitsbergen Current were noted
(Walczowski et al. 2012). Such a hydrologic event could
increase the influx of larvae from lower latitudes and
accelerate their development and enhance their survival
rate (Bookhout 1964; Dawirs 1979; Lindley 1998).
As hermit crabs are mobile and capable of rapid
dispersal (by larvae), their absence in fjord head regions
suggests that they prefer conditions and/or habitats
located in central and outer basins, away from sources
of glacial or glaciofluvial outflows (usually in inner fjords).
Glaciers and glacier-fed rivers transport large amounts
of freshwater and mineral material into the sea and
strongly impact neighbouring benthic systems. Sediments
there are frequently resuspended and redeposited by
gravity flows (Zaja˛czkowski & Włodarska-Kowalczuk 2007),
subjecting benthic communities to physical disturbance by
heavy sedimentation of mineral particles. These commu-
nities have impoverished standing stocks and diversity
compared to outer fjord regions (Włodarska-Kowalczuk
et al. 2007). Larger, slow-moving organisms, such as hermit
crabs, can be locally eliminated by unstable substrates that
are often covered with a ‘‘fluffy layer’’ of unconsolidated
sediment (Włodarska-Kowalczuk et al. 2005). High tur-
bidity in surface waters together with strong mineral
particles deposition result in low organic carbon concen-
trations in sediments of inner basins (e.g., Winkelmann
& Knies 2005). This can have an additional negative
effect on hermit crab populations as organic matter may
constitute a supplementary source of food for deposit-
feeding hermit crabs (Greenwood 1972; Gerlach et al.
1976; Fransozo et al. 1998).
A wide depth range has been reported for P. pubescens
(51079 m; Ingle 1993) and P. bernhardus (intertidal:
1800 m; Sandberg & McLaughlin 1998). However, our
data suggest that in the Arctic and sub-Arctic fjords and
coastal waters they occur mostly at depths shallower
than 150 m (Fig. 2). Similarly, around the British Isles,
P. pubescens and P. bernhardus normally occur from 100 to
140 m, and are only occasionally found as deep as 500 m
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(Hayward & Ryland 1999). In Isfjorden, P. pubescens has
its maximum abundance above 50 m (Christiansen &
Christiansen 1962). In Hornsund and adjacent waters
of southern Spitsbergen, the highest concentrations of
P. pubescens were noted between 20 and 30 m (Magdziarz
1984) and between 21 and 50 m (We˛sławski 1987), which
is consistent with our results (see Fig. 2). A scarcity of
Pagurus spp. in the shallow waters (35 m) is most probably
the result of high physical disturbance (wave and ice
action) in the Arctic. We did not observe any hermit
crab ashore at low tide, whereas in lower latitudes
(e.g., in the British Isles) they are widely recorded in rocky
tide pools and the intertidal zone (Hayward & Ryland
1999).
Substrate type is typically an important factor that
determines the distribution of many benthic species, and
this includes hermit crabs (Samuelsen 1970; Lancaster
1988 and references therein). As reported here, Magdziarz
(1984) found that P. pubescens at Hornsund occurred
mostly on hard (55%) or mixed bottom (rocks and mud,
37%), and only 8% on soft substrata. We˛sławski (1987)
also noted that, except for mud and the phytal zone,
hermit crabs were mostly found associated with stones
and coralline red algae. Likewise Eriksson et al. (1975)
showed that P. bernhardus, prefers hard substratum to
sand. Preference for hard substrata may actually be more
prevalent than data suggest, given that the crevices that
often characterize hard substrata make counts likely to be
under-representations whilst on soft substrata the crabs
are particularly conspicuous and difficult to overlook.
More complex habitats support higher megafaunal den-
sities (Robinson & Tully 2000) as they are usually more
heterogeneous in structure and offer more food supplies
and/or better shelter from predators (Wahle & Steneck
1991; Stelle 1999; Linnane et al. 2002; Moksens 2002;
Pallas et al. 2006). Even with the protection of gastropod
shells, hermit crabs can be easily detected on mono-
tonous mud or sand surfaces and predated by demersal
fish (e.g., wolfish [Anarhichas lupus] or ballan wrasse
[Labrus bergylta]; Samuelsen 1970; Falk-Petersen et al.
2010), mammals (bearded seal [Erignathus barbatus], grey
seal [Halichoerus grypus], walrus [Odobenus rosmarus]; Fay &
Burns 1988; Lydersen et al. 1989; NAMMCO 1997), larger
hermit crabs (PB, pers. obs.) or other bottom-dwelling
predators (Lancaster 1988 and references therein).
Hermit crab size
The maximum size of hermit crabs is species- and genus-
specific. Pagurus bernhardus is generally larger than P.
pubescens (Sandberg & McLaughlin 1998; Hayward & Ryland
1999). Previous findings from other regions suggest that in
areas of sympatry with an aggressively dominant species,
smaller hermit crab species may be forced to inhabit smaller
shells (than normal) and therefore reach typically smaller
sizes than in nearby, monospecific areas (Bach et al. 1976;
Hazlett 1981 and references therein). The less competitive
individuals forced to occupy lower quality shells have
also been shown to have a worse reproductive success
(e.g., Elwood et al. 1995). It is unknown whether this is
the case in northern Norway, where the two species of
hermit crabs co-occur. We found that P. pubescens from
Spitsbergen was, in general, larger in size than P. pubescens
from northern Norway. It has been suggested that some
arthropods in cold waters can grow to larger sizes as a
result of higher oxygen availability and have increased
life spans at lower temperatures (Chapelle & Peck 1999,
2004). This factor might be also responsible for differences
in sizes observed between warmer northern Norway and
colder, higher latitude sites. At a local scale, many other
factors, like variable food supplies, shell resources, salinity
or predation, can influence hermit crab sizes (Kellogg 1976;
Bertness 1981a; Yoshino et al. 2002; Davenport 1972). In
this study, sites varied considerably in terms of environ-
mental conditions, making it hard to pinpoint factor(s)
with the highest impact on hermit crab size. The smallest
individuals were mainly found closer to river mouths
(e.g., S1), highly influenced by freshwater runoff. Many
of the largest individuals occurred offshore (Svalbard
Bank), close to the frontal zone of very productive and
nutrient-rich water masses.
Shell use
Results from the present study indicate that, except for
one site (T3), P. bernhardus used fewer shell types than
P. pubescens. Both species have been reported earlier to
utilize shells of a similar number of gastropod species
in southern (Samuelsen 1970) and northern Norway
(Barnes et al. 2007). Our result is probably site-specific
and was determined by the availability of suitable shells in
the area or competition between sympatric hermit crab
populations (Vance 1972; Bach et al. 1976; Abrams 1980).
If P. bernhardus is indeed a better competitor for shells, it
can rely mostly on the available shells of one, most
preferred type, while the other crab species is forced to
search across the remaining pool of shells of less favour-
able characteristics, so its shell selections are less focused.
Indeed, the majority of individuals of P. bernhardus
occupied the shells of Littorina spp. and both the experi-
mental studies and in situ observations of P. bernhardus
showed that Littorina spp. shells are strongly preferred
over other types, such as Gibbula spp. shells (Elwood et al.
1979; Jackson & Elwood 1990).
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The greatest diversity of shells (11 taxa) was used at the
site located the furthest north (Smeerenburgfjorden).
The greater richness in shells collected at Spitsbergen in the
present study seems to be at odds with much more diverse
gastropod species pools in northern Norway (133 species)
compared to Spitsberen (93 species; Thorson 1944). Yet
Barnes et al. (2007) demonstrated a lack of correlation
between the latitude and number of shell types used
despite the northward impoverishment of gastropods
(Roy et al. 1996; Roy et al. 1998). Evidently, the richness
of gastropod shells utilized by hermit crabs cannot be
used as a surrogate for regional benthic diversity as was
proposed, e.g., for the dead mollusc assemblages accumu-
lated on sandy shores (Warwick & Light 2002).
Most of the gastropod species that were represented
among the shells collected in this study occur in both
Svalbard and continental Norwegian waters. All the
species are included in a checklist of marine molluscs of
the continental Norwegian waters (Høsæter 1986), except
for Colus kroeyeri, Buccinum glaciale and B. polare, which are
considered Arctic, circumpolar species that do not occur
in Norway (Thorson 1944; Macpherson 1971; Bouchet &
Waren 1985). A notable difference in the composition of
the shells collected in the two regions was the absence
of Littorina spp. shells at the sites in Svalbard. Litorina
littorea, L. obtusata, Gibbula cineraria and Nucella lapillus
are unlikely to occur in Svalbard waters though they
are included in the list of marine invertebrate species
recorded around Spitsbergen compiled by Palerud et al.
(2004); their presence in Spitsbergen is not confirmed by
other, more mollusc-oriented publications (Thorson 1944;
Włodarska-Kowalczuk 2007) or by the IO PAN data
archives based on 20 years investigating Svalbard benthic
fauna (Włodarska-Kowalczuk et al., unpubl. data). In
general, littorinids in the Arctic are markedly impover-
ished as compared to northern Norway. Studies of the
Svalbard intertidal zone found only one periwinkle species:
Littorina saxatilis (We˛sławski et al. 1993; We˛sławski et al.
1997). These studies also found that total faunal densities
and biomass were much lower than in similar habitats
(rocky shores) of northern Scandinavia.
Gastropod species richness at higher latitudes is much
lower than in tropical or temperate regions, although 160
gastropod species occur in the Svalbard Archipelago
(Palerud et al. 2004), and up to 38 species have been
be found in Kongsfjorden, a single fjord in Spitsbergen
(Włodarska-Kowalczuk 2007). Despite the variety of shells
potentially available, most hermit crabs collected used
only a few shell types. Typically large specimens of
P. bernhardus inhabited shells of a large whelk B. undatum
and the periwinkle L. littorea, while the smallest were
found mostly in shells of G. cineraria. Although we did not
perform any shell choice experiments, the fact that apart
from the set of shells used by P. bernhardus, P. pubescens
commonly inhabited Nucella lapillus might indicate that
there is some interspecific competition in these hermit
crabs and that by using an additional shell type some
resource use overlap is minimized (Hazlett 1981). The lack
of the largest specimens of P. pubescens in the collected
samples further supports this (see discussion on crab size).
Pagurus pubescens from the Svalbard Bank and Spitsbergen
used mainly large Buccinidae shells and small shells
of Cryptonatica affinis and Margarites groenlandicus. Two of
these gastropod taxa (Buccinidae and M. groenlandicus)
have been previously noted as the most frequently
exploited by hermit crabs and highly abundant in the
environment (Jensen & Bender 1973; Hazlett 1981;
Hayward & Ryland 1999; Reiss et al. 2003), including
the Arctic (Barnes et al. 2007; Kuklinski et al. 2008).
Undamaged gastropod shells of ‘‘optimal’’ weight, size
and internal volume can offer good conditions for growth,
reproduction (carrying eggs) and protection from desicca-
tion, parasites, predators and other hermit crabs. It is
generally considered that most hermit crab species prefer
intact shells (Lancaster 1988), as a limited number of
studies has demonstrated (Scully 1979; McClintock 1985;
Wilber 1990; Pechenik & Lewis 2000). Such shells are
a limiting resource (Vance 1972; Kellogg 1976; Hazlett
1981; Lancaster 1988; but see Barnes 1999) and some parts
of hermit crab populations are forced to inhabit damaged
shells. Large empty shells are often especially scarce in the
environment (Lancaster 1988) and, in general, the larger
the shell, the more likely it is to be broken (Barnes et al.
2007). Here, due to low sampling effort in some regions,
the highest percentages of damaged shells (4656%) were
observed in the largest hermit crabs only at Spitsbergen.
Predation is a major source of breakage (Zuschin et al.
2003). On the basis of species lists for northern Norway
and Svalbard (Sandberg & McLaughlin 1998; Gulliksen
et al. 1999; Gulliksen & Svensen 2004; Moen & Svensen
2004; Palerud et al. 2004), we can assume that the
predation rates of shell-breaking and boring organisms
(mammals, octopi, crabs, fish, gastropods, polychaetes) are
similar in the studied regions. The proportion of damaged
shells between northern Norway (3134%), Spitsbergen
(41%) and the Svalbard Bank (only 12%) is most likely
related to the hydrodynamic regimes of those regions.
High wave action in shallow waters and the rocky shores of
Spitsbergen and northern Norway (PK, unpubl. data)
results in higher abrasion and destruction of shells than
in deeper offshore, relatively calmer Svalbard Bank.
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